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1. INTRODUCTION

One of the important parameters in shell design Is the tota aerodynamic drag. The toital drag consists

of three components: the pressure drag or the wave drag (excluding the bas). the viscous drag, and the

base drag. The base drag component Is a large part of th total drag and can be as high as 50% ormore

of the total drag. Of these three components of drag, the most difficult one to predict is the base drag

because it depends on the pressure acting on the base. Therefore, it is necessary to predict the base

pressur as accurately as possile

The ability to compute the base region flow field for projectile configurations using Navier-Stokes

computational techniques has been developed over te past few years (Salm. Nietubicz, and Steger 1985;

Sahu 1986, 1987). Recently, improved numerical predictions (Sahu and Steger 1988; Sahu 1990; Sahu

and Nietubicz 1990) have been obtained using the Cray-2 supercomptner ad a more advanced zonal

upwind flux-split algorithm. This zonal scheme preserves the base comer and allows better modeling of

the base region flow. These studies have included base flows for different base geometries. This

capability is very important for determining aerodynamic coefficient data, including the total aerodynamic

drag. As indicated earlier, a number of base flow calculations have been made, and base drag and total

drag have been predicted with reasonable accuracy. However, because available data are lacking, te

predictive capabilities have not been assessed with detailed base pressure distributions, mean flow velocity

components, and turbulence quantities. This is especially true of base flow for axisymmetrical bodies at

transonic and supersonic speeds. Recently, experimental measurements (Herrin and Dutton 1991) have

been made in te base region for supersonic flow over a cylindrical aflerbody. The data include base

pressure distribution (along the base), mean flow, and turbulence quantities.

Figure I is a schematic diagram showing the important features of supersonic base flow. The

approaching supersonic turbulent boundary layer separates at te base comer, and the free shear layer

region is formed in the wake. The flow expands at the base corner and is followed by the recompression

shock downstream from the base that realigns the flow. The flow then redevelops in the trailirg wake.

A low pressure region is formed immediately downstream from the base, which is characterized by a low

speed recirculating flow region. Interaction between this recirctlating region and the inviscid external

flow occurs tdrough the free shear mixing region. This is the region where turbulence plays an important

role.
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Fgure I. Shmtc Dia of Suher c Base iow.

The basic configuration used in this study is a cylindrical aflerbody. As mentioned earlier, a simple

composite grid scheme has been used for accurate modeling of the base corner. Numerical flow field

computations have been performed at M,.= 2.46 and at 00 angle of attack. Three ubuilence models (two

algebraic models and a tw-quto model) ar used in the base flow region. All the computaions have

been performed on the Cray-XMP supercomputer. Details of the flow field such as Mach number

contours and base pressure distributions are preseted. Computed base pressure distiutitons are compared

with available experimental data for the same conditions and the same configuration. The algebraic

turbulence models predict a large change in the base pressure distribution over the base. The two-.equatio

k-e model predicts a rather small change in base presure along the base and compares very well with the

experimentally measured base pressure distribution.

2. GOVERNING EQUATIONS AND SOLUTION TEHNQUE

The complete set of time-dpnet Reynold-averaged, thin layer Navier-Stokes equatons is solved

numerically to obtain a solution to this problem. The numerical tecluique used is an implicit, fiute

difference scheme. Although tie-epndn calculations are made, the tranient flow is not of primary

interes at the present time. The steady flow, which is the desired resut, is obtained in a time asymptotic

fasegonn

2
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I. Ilbslda h compleft ont of xhree-dimenulcnal (3-D), time-dependent- gauetuizud

gemnetry Raynalds-avraged. thin Mayer. Navier-Stokes equations for general spatial coordiniates i. 1, and

Scan be written as (PWulam and Steger 1982)

+ 8 t + ,.d+ a~? -Re-1D;9(1)

in which

4= t(x. y, z. f) - Imogiudina coordinate; Ti = i1(x~, y, z. t) - circumfemntial coordinate

= ;(xr y, z, t) - nearly norm~4 coordinate; tr - time

and

p~p U

p u ~PuU + p

4-. pv ,-. pvU +47P
pw 7 pwU + t

Le J (e+p)u -4,I

PV PW

pUV + 11J PUW + ýJ

pwV + q,p pWW + ,P

I(e + p) V -1p (e +p)W - ýp (2)
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and i which

0

2 2
ex + *4 .(C;zat + L;Vt + 1W

;2 + .+I~ .)t +; +

C2+ + E(U2jg + V2+ *)

Pr(y- 1)]

L 3 j(3)

In Equation 1, the thin layer approximation is used and the viscous terms involving velocity gradients

in both the longitudinal and cirnumfefential directions are neglected. The viscous trms am retained in

the normal direction, t, and are collected into the vector S. These viscous terms are used everywhere.

However, in the wake or the base region, similar viscous terms are also added in the stream-wise direction.

For this computation, the diffusion coefficients p and K contain molecular ad turbulent pans. The

tubudent contributions are supplied through either algebraic or a two-equation k-e turbulence model.

The velocities in the 1. Y1, and t coordinate directions can be written

V=W + M + VI;+ ,

which represent the contmvaiant velocity components.
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Tme Ca€•t" velocity (xp1mm P ( . w) an reaned is ft depdem vaftabls and are
I wirespect to a. (the u stre am speed of ound). The local pessure i dermined

using the relation

p - (Y - l)[e - O.p(U 2 + V2 + W2 )] (4)

in which y is the ratio of specific heats. Density, pis referenced to p. and the total energy, e, to p.a.

The transport coefficiens ar also nondimnuionalized with respect to the corresponding free stream

variables. Thus, the Prandt number that appears in S is defined as Pr = cpg..az,.. In differencing these

equations, it is oftm advantageous to difference about a known base solution denoted by subscript 0 as

8. d- 0)+ 84 (t -to) + 814 (a - do) + 8 A()-.0) - Re 181 (9 - 90)

- - - - ÷ + (5)

in which 8 indicates a general difference operator, and a is the differential operator. If the base state can

be propedy chosen, the differenced quantities can have smaller and smoother variation and therefore less

of a differencing error (Pulliam and Steger 1982).

2.2 Numerical Techniouc. The implicit, approximately factored scheme for the thin layer Navier-

Stokes equations using central differencing in the -q and ý directions and upwinding in • is written in the

following form

[I+ h4 (A +)n + 8 
- hRe-1 CJ -1A? J - Dui]

X [I h64'(A-)" + h68ni D - ]A 0

_,&At(8~() b +1: + -(() 11- t. I + y(N-0)

+ 6 R(A" - A.) - Re -3C " -S .)S - D- 0.) (6)
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in which h = At or (As)2 and the free stream base solution is used. Here, 8 is typically a three point

second order accurate central difference operator, A is a midpoint operator used with the viscous terms,
A

and the operators 5•b and 84f are backward and forward three-point difference operators. The flux F has

been cigensplit and the matrices A. B.,an M result from local linearization of the fluxes about the

previous time level. Here J denotes the Jacobian of the coordinate transformation. Dissipation operators

D, and Di are used in the central space differencing directions. The smoothing terms used in the present

study are of the form:

D.I, s(At)J4[&23P(B)P 4 +E41 P( '] i11

Din - (&t)J-[i8p(B)p8 + 2.53 4 8p(B)] I3 j

in which

1(1 + I82)P

and p(B) is the true spectral radius of B. The idea here is that the fourth difference will be tuned near

shocks (e.g., as P gets large, the weight on the fourth difference drops down while the second difference

tines up).

For simplicity, most of the boundary conditions have been inposed explicitly (Sahu 1987). An

adiabatic wall boundary condition is used on the body surface and the no-slip boundary condition is used

at the wall. The pressure at the wall is calculated by solving a combined momentum equation. Free

stream boundary conditions are used at the in-flow boundary as well as at the outer boundary. A

symmetry boundary condition is imposed at the circumferential edges of the grid while a simple

extrapolation is used at the downstream boundary. A combination of symmetry and extrapolation

boundary condition is used at the center line (axis). Since the free stream flow is supersonic, a

nonteflection boundary condition is used at the outer boundary. The flow field is initially set to free

stream conditions everywhere and then advance in time until a steady state solution is obtained.

2.3 Composite Grid Scheme. In the present work, a simple composite grid scheme (Sahu 1990) has

been used in which a large single grid is split into a number of smaller grids so that computations can be

6



perboued oneachgid sepaty. Thmeseidsuetheavab ommM oyoneMid a me. Mie

remaining gidls are stored on am external disk storage device such a the solid state disk device (SSD) of

the Cray X-MP/48 computer. The Cray-2 has a large in-core memory to fit the large single grid.

However, for accurate geometric modeling of complex projectile configuration, which include blunt noses,

sharp comers, and base cavities, it is also desirable to split the large data base into a few smatler zones

on the Cray-2 as well. The use of a composite grid scheme requires special care in storing and fetching

the interface boundary data i.e., the oommuncat among the various zones). In the present scheme,

there is a one to out mapping of the grid points at the interface boundaries. hius, no interpolations ar

required. Details of the data storage, data transfer, and other pertinent information such as metric and
differencing accuracy at the interfaces are given in the work of Sahu and Steger (1987) and Sahu (1988).

2.4 Tubumlence Modeling. For the base flow calculations, three turbulence models have been used.

Two of these are algebraic eddy viscosity models (Baldwin-Lomax model and Chow model). The third

one is a two-equation k-e turbulence model which is also an eddy viscosity model.

2.4.1 Baldwin-Lomax Model. This model is the one developed by Baldwin and Lomax (1978). It

is a two-layer model in which an eddy viscosity is calculated for a inner and an outer gion, The in

regio follows the Prandtl-Van Driest formulation. In both the inner and outer formulations, the

distibufion of vorticity is used to determine the length scales, thereby avoiding the necessity of finding

the outer edge of the boundary layer. For the inner region,

(p,),. pl2l I (7)

in which

I - icy[ I -exp(-y*1A *)I

Y (p,,Y)/P 1 - .h - Fr, IP,)

and I tol is the absolute magnitude of vorticity. Mwt eddy viscosity for the outer region is given by

(% r - KCC•pFwU&,F k (Y) (8)
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in which Fw,*g = yx F , or C.* ym u thIFmm, the nmaller of the two values. The quantities y.

and F.. am determined from the funcon F(y) - yl l[I - e.W (-y+ / A+)], in which F,. is the

maximum value of F(y) and y. is the value of y at which it occurs. The function F*U is the

Klebanoff intermittency factor. The quantity udf is the difference between the maximum And minimum

total velocity in the profile and, for boundary layers, the minimum is zero.

The outer formulation can be used in wakes as well as in attached and separated boundary layers. For

free shear layer flow mgions or wakes, the Van Driest damping term [exp(-y+ / A+)] is neglected. Also,

for the base or wake region, the distance y is measured from the center line of symmetry. It is necessary

to specify the following cotants: A+ = 26, Cp = 1.6, CH'* = 0.3. C* = 0.25, i= 0.4. andK= 0.0168.

This type of simple model is generally inadequate for complex flows containing flow separation regions

such as base flow.

2.4.2 Oiow Model. Another algebraic model that has been used in some of our base flow

computations is that of Chow (1985). This model is intended to be used in the base or wake region only.

It is based on the simple exchange-coefficient concept. The turbulent eddy viscosity coefficient is usually

given by

P, = - Xe (9)

in which x is the distance measured from the origin of the mixing region (ie., the base), u, is the velocity

at the edge of the mixing region, and a is the spread rate parameter. It is known that a assumes a value

of 12 for incompressible flow and it increases slightly with Mach number.

a = 12 + 2.76 Me

in which Me is given by
I + -7 ]

M.2 2 2

8
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A,-

au Pb AP. Is doe avempg baen IPmuu Th 7aipivAlux velocity; a doe edge of te xmixing ugim cm

be as ceutained from

uO• o -1( +-Y,--- / (I + -,-m

As a first app onlmaton, die average value of pt Is asuned to be sune a all poits Afr a constan z

location After reattadhment ttiftlence shoud decay. Since doehumers in tie base flow calculatons

is to obtain die correc base piesomu it is asmamed that die eddy viscosity level at die reattachment stays

the same at other locat downumm. For bae flow withjet, similar algebmaic relatiw - used

for the jet shear layer. This model as well as Baldwin-.omax (1978) model am algebraic nKdels and

depend only on local infonnation. Thl two-equation model contains less empiricism and allows dte flow

history to be taken into accoun.

2.4.3 Two-Eauazlon k-e Model. The two-equation Ubbulence model used her is bChien's (1982) Ic-e

model which is similar to that of Jones and Launder (1972). In this model two vampart equations anr

solved for the two variables, k (tuulent kinetic energy) and e (urbulent dissipation rate).

Dkaa [(± + ' ak 1+ aui(a, a M,

- pe - 2p k (10)
Y2

p De + ~~~~~YP a ,I lu u

D 77- 1  ' ) 77J 1) Xj(J- -

" sC2 P -, 2p I e -•(11)
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Fie. yn Is the distm normal to the surface. The coefficlets In de k and a equatlons me given by

c| I 1.44 C3 - 2 -0 - O k a. 1.0 - a t - 1.3

C2 - 1.92[ 1 -O.3exp(-R; )2 C a 0.09[1 -evp(-O.Oly*)]

in whihR, -k1M~

"7he k-e model employs the eddy viscosity concpt mad relaes th uub*n eddy viscosity to k and a by,

ps = cpp(k 2 /e). (12)

Following the some procedure used for te mean flow equ the bubfltnt e field equations cm be

writm in consevatdon fom and then bmmformed into geralized coodilnses (Ssu and Danb• g 1966).

Te resulting axisymmetric am of nunsformed uubune equatons cmn be written as

a 48+ Us+ ad= I a.4' af'(13)

in which

; [ :] 3
"J Pau J L pew

1 (1k 7;C 7;TP

t7 +(,+ e L p

E2 YX
C,- a P - 2pe-p*e - 2pkL=p"

2p.
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and P is ft pod m a bm gvnas

2- 2)t + pjq + VC)(u~ 2 2 +)

2v 2w2 2 ) +p~(CzUt + ty
+PI(e + 9 + 4(Ucw+ ) + W%.~~ + + )

Trnis congtitutes a low Reynolds number foanulation of the k-e model Calculaions am extded to the

wall itself, and exac values of the dependent variables at the wall ae used as boumdary conulitons.

Chien's model is beer mahemically behaved near the wall and is, turs, used in this study.

7Ue turbulence field equatiorns solved using the Dean and Wanning (1978), Implicit,

approximately factored, fant dee scheme. A convenient soluion algoddmn for these equatiom has

the following sequem:

[(I - AtD n) + At(kB - 6CC x) I Aq4" - RMnS ( 1) (14a)

[I + At(CA" - NNN)] AqIM -,&#I (14b)

q3A÷1 qjA + Aqx (14c)

in which R•S is ft righ•-band side of Equation 13. A and B are Jacobian matrices resulting from ft

local linearizatio of ft flux Iterms and 6t. 17U source tems are treatd implicitly, Whs results in

the Jacobim matrices C, N, and D, which are included in the and 4 operators as show in quin 14.

The Jacobian matrices are given as

CUB~dP".iw: ]' .. [dP ao]L)

2Cp kP -Re 2pr P~ r 1

CI + C2I2 c2 Re-,p , _v

11



in which

+ P

•re operators &and 6 central difference operator The numerical smoothing is bond on an up-
wind scheme, and the details ame given in Sahu (19S4).

3. MODEL GEOMETRY AND RIMENT

The compuaionl accuracy of a numerc scheme can be established through comparison with

available expeimental data. The model used in the experiment and in the computational study is don"

in Figure 2. It is an axisymmetrical cylindrical aftetbody. which has a diameter of 63.5 mm. This figure

also shows the suimons where mean and fluctuating velocity components were measured with a Laser
Doppler Velocimeter (LOV) system. The same configuration is used in the numerical simulations for a

direct compuison

Experim tal measrm-ents (Herrin and Dutton 1991) for this model have been made at the University

of Illinois supersonic wind tUrnei The model was tested at 0* ang&e of attack, Mach number of 2.46, and

Reynolds number of 5.21 x Id' per meter. In addition to measuring the velocity components at a few

selected longitudinal positions in the wake or baee reglio the base pressure was measured at 19 positions

along the base. Such detailed base press=ur measuremen-s have not been made in the past and are very
helpful in the code validation process. The velocity profile is also measured at a Msaton upstrem from

the base, which provides the upstream boundary condition for base region flow field calculations.

4. RESULTS

Numerical computations have been made for the cylindrical aflfody at a Mach number 2.46 and at

0 angle of attack The three-plane vesion of the 3D code was run for the 0 angle of attack case. Two

end planes were used Io specify symmetrical boundary conditions in the circumferential plane.

The solution technique require the discretization of the entire flow region of interes into a suitable

computational grid. The grid outer boundary has been placed I diameter away from the surface of the

aftabody. The downstream boundary was placed 10 diamete away from the base. Since the calculations

12
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Figure 2I Aftbody bkm Luu=i

are in fth supersonic regiume the computatIonal outer boundary was placd close to the body uid a nw

reffection boundary condition used at that boundary. Figure 3 shows an expanded view of ft grid in the

base reglon. 11e surface polzM on ft afkerbody and the bose were obtained first These were then used

as inputs for obtaining the full grid using an algbraic grid generaton pro=a. 1he Wai grid is solit too

two zonesowe upstream, fUND the base, mid the odher one in the bowe region or the wake. Th3en grids

consist of 22 x 60 and 95 x 119 grid points, respectively. Figure 3 show the longitudinal grid clustering

near the bane comaer Grid points am also clustered near the aftebody surface to capture the viscous

effects in ft tiubulait boundary layer. These clustered gri poims ame spad out downstream of the base

in the wake to capture the free shear layer region For the V angle of attack cae conalder4 ed, grid wa

rotated *iraifereui-'ally 50 on eiher side of the mldplane. This provided the three plowe needed In the

code to use carnial finite differences in the crcu'ferim 1 Pal direction. In each case, fte solution was

marched from flee stream condditiom everywhere unil the fina converged solution was obtained. The

results are now presented for both mean and turbulence quantities. Comparison of fth computed results

is made with the available experimental dafta (Hlerrin and Dutton 1991).

13



Figure 3. Base Region Computational Grid.

A few qualitative results are presented next. Figure 4 shows the pressure contwr plot for the base

region. The features to observe are the flow expansion at the base comer followed by the recompression

shock downstream from the base (coalescence of contour lines). Figures 5a and 5b show the comparison

of the computed Mach number contours with experimentally obtained Schliren photograph of the base

region flow field. Both the experiment and the computed results show the flow expansion at the base and

the recompression shock downstream from the base. In addition, Figures 5a and Sb show the free shear

layer in the near wake. Although not indicated in Figure 5a, the flow in the near wake is primarily

subsonic. Figure 6 shows the computed velocity vectors in the base region. The recirculatory flow in the
near wake is clearly evident. Flow reattachment occurs at about three base radii downstream frm the

base. The magnitude of the velocity is shown to be quite small in the immediate vicinity of the base. hie

computed results shown in Figures 4, 5, and 6 were obtained using the two-equation k-e model.

Figures 7 and 8 show the velocity components in the stream-wise and normal directions, respectively.

These velocity profiles are taken at four longitudinal positions in the wake or the base region (X/D = 1.26,

1.42, 1.73, and 1.89). The computed velocity profiles obtained using two algebraic turbulence models and

the two-equation k-e model are compared with the experimental data. Figure 7 shows the comparison of

14



Figure 4. Computed Pressure Contours in the Base Region. M.= 2.46. cx=O. and k-e Model.

Figure 5L. Computed Mach Contours. M,= 2.46. ot =0. adk-c Model.



Figure 5b. Eimenimental Schliren Photomj

Figur 6. Velocity Vectoi in the Base Radion, .N 2.46, az 0. and k-c oe
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the u (stream-wise) component of velocity. In general, the profiles obtained with the k-e model agree

much better with th experiment in the shear layer regions for XAD = 1.26 and X/D = 1.42. Tle profiles

are rather poorly predicted by both the algebraic models at these two stations. The reattachment point

estimated from the experimental measuremens is about 1.4 base diameters downstream from the base.

The computed value with the k-c model is 1.5. This small disagreement is also seen in the flow

redevelopment region downstream from the reattachment (X/D = 1.73 and 1.89). The algebraic turbulence

models predict the reattachment point better than that predicted by the k-c model. lie velocity profiles

predicted with these models agree fairly well with the experimentally obtained profiles at these two

stations. Chow model predictions are slightly better than those predicted by the Baldwin-Lomax model

in this flow redevelopment region. Figure 8 shows the comparison of the w (vertical) component of the

velocity. This component of velocity is better predicted by the k-e model than the algebraic models both

in the flow recirculation and redevelopment regions. lie profiles by the algebraic models do not agree

well with the experimental data for radial positions greater than half of the base radius.

Some of t turbulence quantities are presented next Figure 9 shows the tubulent kinetic energy

profiles at the same longitudinal positions in the wake. lhe computed k profiles are obtained using Ue

two-equation k-c tubulence model In the recirculation region (X/D = 1.26) and near the reattachment

(X/D = 1.42), the peak observed experimentally (r/R = 0.5) is poorly predicted by the k-e model

(r/R = 0.4). The location and the magnitude of the peak agree somewhat better at X/D = 1.42 than at

X/D = 1.26. The agreement of the computed profiles with the data is good in the flow redevelopment

region (X/D = 1.73 and 1.89). Figure 10 shows the turbulent dissipation rate (e) profiles at the same

positions in the wake. As seen in this figure, e increases from the center line of symmetry with radius

to about 0.4 of the base height where the peaks occur and then drops quickly to very small values at about

r/R = 0.65. The magnitude and the location of the peaks decrease smoothly with increasing axial distances

downstream from the base.

Figure 11 shows the turbulent shear stress profiles in the wake. The computed values obtained by

both the algebraic models and the k-e model are compared with the experimental data. In general, a small

improvement can be observed in the predicted values with the k-e model over the algebraic models.

Discrepancy exists between the experimentally obtained turbulent shear stess and the predicted shear

stresses with all the turbulence models. This is u'ue especially near the peaks at XID = 1.26 and IA2.

lie magnitude of the peak predicted by the k-e model is about the same as predicted by the Baldwin-

Lomax model at these two positions; however, they both underpredict th experimental peak. The Chow
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model muderpredcts ft peak even more. As for th location o the peak, the k-e model does betr than

ft algebraic models. As X/D is Inased f1mom 1.26 to 1.42, die location of the Pea P ldicled by the
k-e model moves closer to the cener line similar to tha observed In the experiment. This is not seen in

th prediction by th algebraic models. The k-e model predictions agree bete tn the prdictions by
the algebc models at X/D = 1.73 and 1.89.

Of paricular intenst is the accurate prediction or determination of bas presse and, hence, boe drag.

Figure 12 shows the base pressure disuibution (along the base). The base pressures pedicted by both the

algebraic models and the two-equation k-c turbulenc model are compared with the expermetal data

(Herrin and Dutton 1991). The experimental data are shown in dark dcres, and the computed results are

shown in lines. Here, ZID -= 0.0 corresponds to the center line of symmetry and 71D = 0.5 coresponds

to the base corner. The base pessures predicted by both algebraic turbulence models show a big increase

near the center line of symmetry. The experimental data show almost no change (only 3%) in the base

pressure distribution. The base pressures are very poorly predicted by th algebraic models, not only near

the center line but also near the base comer. A much improved base pressure distribution is predicted by

the k-e model, and its agreement with the measured base pressure is quite good. The k-e prediction shows

a small increase in the base pressure near ft center line, which is not observed in Uh data.

0.5 %

0.4 :

0.3

Z/D
"0.2

0.1 Chow model

k-i model0
0.0 0 Exp ! riment

0.0 0.2 0.4 0.6 0.8 1.0
Pb/POO

ligure 12. Base Pressue Distrxion. M = 2.46. a =0.
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5. CONCLUDING REMARKS

A zonal, implicit, time-marebing Navier-Stokes computational technique has been used to compute

the trbulent supersonic base flow over a cylindrical a1terbody. Flow field computations have been

perfoimed at M,, = 2.46 and at the angle of attack, a = 0.0. Various eddy viscosity turbulence models

(two algebraic and a two-equation k-e) have been used to pwovide the turbulence closure. The k-e

equations were formulated in a generalized coordinate system and were solved using an implicit algorithm.

Numerical results show the details of the flow field such as Mach number cetouns, pressure cotours,

and velocity vector plots. Comparison of both the mean and turbulence quantities has been made with

the available experimental data. Both algebraic atrence models predict the mean velocity components

poorly in the recirzwlatory flow region in the wake. In general, the velocity components predicted by the

two-equation k-e model agree better with the experimental dat than the algebraic models do. Discrepancy

exists between the predicted turbulent shear stress and the experiment for all these turbulecre models.

A small improvement in the predicted location and magnitude of the peak in shear stress exists with the

k-E model. Computed base pressure distributions have been compared with the measured base pressures.

The base pressures predicted by the algebraic models show a much larger variation and do not agree well

with the data, compared to the k-e model. The measured base pressures show a very small change along

the base and are predicted rather well with the k-e uurbulence model.
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• , FOR THE DIRECTOR:

ALBERT W. HORST, JR.
Chief
Propulsion and Flight Division
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Figure 4. Computed Pressure Contours in the Base Region, M,, 2.46, ot=O. and k-c Model.

Figure 5a. Compvuted Mach Contours. M.= 2.46. a 0. and k-c Model.
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Figure 5b. Exprenmental Schhiren Photograph.

Figure 6. Velocity Vectors in the Base Region, M,= 2.46. a =0. and k-E Model.
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